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Recent studies show that edible berries may have potent 
chemopreventive properties. Anti-angio&eme approaches 
to prevent and treat cancer represent a priority area in 
investigative tumor biology. Vascular endothelial growth 
factor (VEGF) plays a crucial role for the vascularization of 
tumors. Fhe vasculature in adult skin remains normally 
quiescent. However, skin retains the capacity for brisk 
initiation of angiogenesis during inflammatory skin 
diseases such as psoriasis and skin cancers. We sought to 
lest the effects of multiple berry extracts on inducible 
VEGF expression by human HaCaT keratinocy tes. Six 
berry extracts (wild blueberry, bilberry, cranberry, elder- 
berry raspberry seed, and strawberry) and a grape seed 
proanthocyanidin extract (GSPE) were studied. 1 he 
extracts and uptake or their constituents by HaCaT were 
studied using a multi-channel HPLC-Coul Array approach. 
Antioxidant activity ot the extracts was determined by 
ORAC Cranberry, elderberry and raspberry seed samples 
were observed to possess comparable ORAC values. The 
antioxidant capacity of these samples was significantly 
lower than that or the other samples studied, the ORAC 
values ot strawberry powder arid GSPE were higher than 
cranberry, elderberry or raspberry seed but significantly 
lower than the other samples studied. Wild bilberry and 
blueberry extracts possessed the highest ORAC values. 
Rach of the berry samples studied significantly inhibited 
both H 2 0 2 as well as TNFa induced VEGF expression by 
the human keratinocy tes. This effect was not shared by 
other antioxidants such as a-tocopheroi or GSPE but was 
commonly shared bv pure tlavonoids. Vfatrigei assay using 
human dermal microvascular endothelial cells showed 
that edible berries impair angiogenesis. 
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INTRODUCTION 

Nutrition is a major tool in cancer prevention. 
Assessments reported in I981, m and more recently 
in 1995, U{ consistently indicate that almost a third of 
alt cancer events may be prevented by changes in 
diet. The therapeutic property of edible berries lias 
been long known. Ml More recently, it has been 
observed that edible berries may have potent 
ehemop revert tive properties. 14 "" 81 Berries are rich in 
anthocyanins, flavonoid glycosides, responsible for 
the red, violet, purple and blue color of the fruits. 
Dietary consumption of anthocyanin has been 
shown to improve overall antioxidant defense status 
of human plasma.' 91 

Angiogenesis is a key event that feeds tumor 
growth and cancer metastases. Thus, anti-angiogenic 
approaches to prevent and treat cancer represent a 
priority area in investigative tumor biologyj !nn 1 
On one hand, the search is on for specific medical 
drugs that would efficiently limit tumor angio- 
genesis, [u, ' n| On the other hand, diet-based 
approaches to limit angiogenesis are being actively 
explored. f4 " 5 ' 12 " 171 Proven safety for human use is a 
major merit that strengthens this latter approach. 
While it is evident that consumption of a plant-based 
diet can prevent the development and progression of 
tumors associated with extensive neovaseulanza- 
tion,* 121 the underlying mechanisms remain unclear. 
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Vascular endothelial growth factor ( VT:GF) /vascular 
permeability factor plays a crucial role for the 
vascularization of tumors including breast cancers. 
Tumors produce ample amounts of VEGF, which 
stimulates the proliferation and migration of endo- 
thelial cells, thereby inducing tumor vascularization 
by a paracrine mechanism. VEGF receptors are highly 
expressed by the endothelial cells in tumor blood 
vessels. VEGF expression can be induced in various 
ceil types by a number or stimuli including cytokines 
and oxidants that are present at the tumor site. ns "" 201 
The vasculature in adult skin remains normally 
quiescent, due to the dominant influence of endo- 
genous angiogenesis inhibitors over angiogenic 
stimuli. However, skin retains the capacity tor brisk 
initiation of angiogenesis, the growth of new blood 
vessels from preexisting vessels, during inflamma- 
tory skin diseases such as psoriasis and skin cancers 
such as cutaneous squamous cell carcinomas. More- 
over, cyclic vascular expansion occurs during the 
growth phase of the hair follicle. Recent evidence 
suggests V EG F as the major skin angiogenic factor. 121 ' 
During skin angiogenesis, expression of VEGF is 
induced in epidermal keratinocytes. VEGF is a 
marker of tumor invasion and metastasis in squa- 
mous ceil carcinomas/ 221 We sought to test the effects 
of multiple nutritional berry extracts on inducible 
VEGF expression by human keratinocytes. 



MATERIALS AND METHODS 
Materials 

The berry extracts (wild blueberry, bilberry, cran- 
berry, elderberry, raspberry seed and strawberry), 
two berry extract mixes (Mix 1-optiBerry IH141, Mix 
2-optiBerry 111151; two different blends of wild 
blueberry, strawberry, cranberry, raspberry seed, 
elderberry and wild bilberry samples) and a grape 
seed proanthocyamdin extract (GSPF) were obtained 
from the InterHealth Nutraeeuticals, Inc. (Benicia, 
CA). GSPE is a natural extract containing approxi- 
mately 54% dimeric, 13% trimeric and 7%'tetramenc 
proa nthocyamd ins, a small amount of monomeric 
bioflavonoids. 12 "* 1 Unless otherwise stated all other 
chemicals and reagents were obtained from Sigma 
Chemical Co. (St. Louis, MO) and were of analytical 
grade or the highest grade available. 

High Performance Liquid Chromatography Multi- 
channel Electrochemical Analyses 

Preparation of Berry Extracts for H PLC Ami lysis 

The material was weighed (H)mgj and dissolved in 
400)0.1 aqueous methanol (62.5 4- 0.29% BHA). 
Samples were ultrasonieated on iee for 2 mm 
(30 s x 4 pulse) and 100 nl ot r>N HCI was added to 



the samples. The samples were bubbled with nitrogen 
tor 30s and incubated at 90"C for 2h. Samples were 
cooled and 500 jxl 100% methanol was added. 
Samples were centrifuged at 13,000 rpm forSmin at 
4 C and then filtered using a 0.45 micron filter. 

Cellular Uptake of Berry Constituents 

HaCaTcells were cultured in 150mm x 20 mm plates. 
After 24 h of seeding, growth media was changed to 
serum-tree RPMI and berry extracts were added in 
excess (250 u-g/ ml) to allow for detection ot consti- 
tuents taken up by cells in trace amounts. Exper- 
iments testing the effects of berry extracts on 
inducible VEGF expression have used a maximum 
of 50 ag/ml of berry extract. A five-fold excess of the 
extracts were used to study cellular uptake to ensure 
that analytical limitations did not prevent us from 
detecting the presence of certain berry constituents 
that were taken up in low amounts. After 24 h of such 
treatment, cells were washed with PBS, scrapped and 
collected. Phosphate butter was added to cell pellets 
and pellets were homogenized on wet-ice and then 
ultrasonieated. HCI (3 M) was added to the samples 
and the resulting products were incubated for 30 mm 
at room temperature in the dark. Polyphenols were 
extracted with 2 ml of ethyl acetate and analyzed by 
eoufometric electrochemical array detection with 
HPLC as indicated (ESA Inc., Chelmsford, MA). 

H PLC-Coul Array Detection of 
Flavono id/p roan th ocy am dins 

The gradient analytical system consisted of two 
pumps, an autosampler, a thermostatic chamber and 
a 12-channei CoulArray detector. The chromato- 
graphy conditions are listed below: 

Column: Symmetry C18 5 u.m (4.6mm x 250 mm) 
Mobile phase A: 50 mM Sodium phosphate buffer; 
pH 3; methanol (99:1 v/v) 

Mobile phase B: 100 mM Sodium phosphate butter 
pH 3.45; acetomtnle; methanol (30:60:10 v/v/v) 
Gradient: Conditions: 0% B for 5min to 80% B in 
40 mm; held at 80% B until 45 mm then back to 0% 
B by 55 min 
Flow Rate: 0.8 ml /mm 

Detector: Model 5600A, CoulArray (ESA Inc 
Chelmsford, MA) 
Applied potentials: 

i) - 20 to f 100 mV in + 80 mV increments 
ii) 4-160 to -f-400 mV in 60 m V increments 
iii) +■ 500 to 4- 700 mV in 100 mV increments. 

Cells and Cell Culture 

immortalized HaCaT human keratinocytes! kindly 
provided to us by Dr Nf. Fusemg,' 24 ' were 
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grown in Dulbecco's modified Eagle's medium 
(Life Technologies, Gaithersburg, ML)) sup- 
plemented with 10% fatal bovine serum, lOOU/ml 
penicillin and lOOfAg/ml streptomycin. 

Berry extracts and GSPE stock solutions lor cell 
treatment were prepared fresh in dimethyl sulfoxide 
at concentrations such that the final concentration of 
the solvent in ceil suspension never exceeded 0.1%, 
Prior to cell treatment, the DMSO solutions were 
passed through a 0.22 mVI Miter for sterilization. 
Respective controls were treated with equal volume 
of dimethyl sulfoxide. HaCaT cells were pre treated 
with the berry samples as indicted in the respective 
figure legends. Treatment of ceils with berry samples 
up to SOjxg/ml did not influence cell viability as 
detected by a standard lactate dehydrogenase 
dependent viability assay (data not shown). How- 
ever, at 25 ug/ml, GSPE was toxic to cells. Following 
incubation with the respective berry samples, the cells 
were washed with serum-free medium and then 
treated with FN Fes (25ng/ml) or H 2 G ? (250 f iM) in a 



serum-free medium as indicated in the respective 
figure legends. 

Cell Viability Assay 

I faOT cells were seeded at 0.15 x 10" cells/ well /ml 
in 12-wcll plates. Alter 24 h of seeding, growth media 
was changed to serum-free KFM1 and berry samples 
were added at a high dose f50jxg/mi). After 24 h, 
media was collected and centriruged at 3500 rpm for 
Smin at -EC. Aliquots were transferred to a 96-weli 
and lactate dehydrogenase (LDH) assay was per- 
formed using in vitro toxicology assay kit obtained 
from Sigma Chemical Co. (St. Louis, MO, USA). 

Determination of Oxygen Radical Absorbing 
Capacity (ORAC) 

Individual berry samples (25 mg) were dissolved in 
1 ml methanol. Then, 0.09ml phosphate buffer was 
added to 0.01 ml of the methanol solution obtained 
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HCURE 2 Representative UmjI Array chroinato_;rams of berry extracts showing peaks corresponding to authentic ilavorumj/ 
nroanthocyamdms. Berry samples wet, weighed (10 mg, and dissolved in 400 ,,1 or mix containing 62 mefh< n< and 0 a 
Sample., were uOvasonicated on ice for 2 mm. After that 100 ^1 or hN HCi was added to the samples. Samples were bubbled with n t o mn 
or 30 s and incubated al 90 C tor 2 h. Samples were cooled and 500 *| 100", methanol was added. Samples uwe centred 1 n rem 
tor r> mm at 4 C and then filtered ( )ne hundred microhms or berry sample was injected to 1 1 PLC For I IPFCelectrocfcm ea do echo 
protocol see "Methods" section. Sample shown is berry Mix I. ' tA lUKm mica! detection 



as described above. A total of 0.01 ml sample was 
used for analysis. 

The procedure tor performing ORAC assays was 
based on a previous report of Cao ft a/. 12 " 1 This assay 
measures the ability of antioxidant compounds in 
test materials to inhibit the decline of B-phycoery- 
thrin (B-PE) fluorescence that is induced by a perovyl 
radical generator, A A PH. The reaction mixture 
contained 1.6 ml ot 75 mM phosphate buffer 
fpH 7.0), 200 .xl of B-PE (3.92 nig/ 100 ml), 200 p_l of 
320 nM AAPH, and 100 u,l of sample. Trolox, a water- 
soluble analogue of vitamin E, was used as a control 
antioxidant standard. The fluorescence of B-PE was 
determined and recorded every 5 mm at the 
excitation wavelength of 540 nm and emission 
wavelength of 570 nm using a Turner rlunromctcr 
(Sunnyvale, CA) until the fluorescence of the last 
reading declined to < 5% of the first reading. The 
final results (ORAC value) were calculated using the 



differences of areas under the quenching curves of 
B-PE between a blank and a sample and expressed as 
micromoles ot Trolox equivalents (TE) per gram ol 
fresh weight. 

Measurement of VEGF Protein 

HaCaT cells were seeded onto multiple well culture- 
plates. After 24 h of growth (at -80% confluency), 
I he cells were synchronized by culturing in serum 
deprived medium for 12 h. Following the synchro- 
nization, cells were treated with H 2 0 2 or TNF«. For 
berry treatment protocol see legends. As described 
previously, 1265 the reason for selecting serum-tree 
medium was to avoid any possible interaction 
between the serum components and H,0 2 . VEGF 
level in the medium was determined using commer- 
cially available EL ISA kit (R and D systems, 
Minneapolis, VIM). 
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Vitro Angiogenesis Assay 

An in Pttm angiogenesis kit provided by CHH- 
MICON International, Inc. (Temeeula, CA) was used 
for the assay. In brief, the fcCMatrix'* (10 x ) solution 
was thawed on ice and diluted with a diluent 
provided with the kit. EC Matrix" 1 is a solid gel of 
basement proteins prepared from the Fngelbreth- 
Holm-Swarm (EHS) mouse tumor. The diluted 
RCMatrix ,y (10 x ), solution f 100 ^1) was transferred 
to eaeh well of a 96-well tissue culture plate and 
incubated at 37 'C for at least I h to allow the matrix 
solution to solidity. HMVE cells are harvested and re- 
suspended in media in the presence or absence of 
berry sample as shown in Fig, 7. Cells (5000 cells/ 
well) were added on top of the solidified matrix 
solution and maintained in a cell culture incubator at 
37°C overnight. Endothelial tube formation was 
observed and digitally photographed under an 
inverted light microscope at 20 x magnification. 



RESULTS 

Analysis of Berry Constituents and Cellular 
Uptake 

The eoulometnc electrochemical array detection 
with HPLC offers several advantages over LC/UV 
detection. In addition to having a much higher 
sensitivity of detection, the CoulArray M (ESA Inc., 
Chelmsford, VIA) detector provides on-line gene- 
ration of qualitative data and the ability to resolve 
peaks on the basis of different vol tarn metric 
characteristics. In flavonoids and proanthocyanidins, 
the voltammetrie characteristics are expected to be 
different for tnhydroxy, dihydroxy or monohydroxy 
substituents of the phenol ring. An absorbance-based 
detector is unable to distinguish these chemical 
differences and will generate the same absorbance 
curve for compounds with such minor chemical 
differences. Figure 1 shows the simultaneous detec- 
tion of nine different constituents of interest. Figure 2 
shows simultaneous detection of these nine con- 
stituents in a berry sample. Results from the 
individual study of the composition on each berry- 
sample are presented in Fable I. Raspberry seed 
powder was several-folds richer in the various 
constituents compared to any of the whole berry 
samples. The strawberry powder contained signifi- 
cant amounts of gallic acid while the most abundant 
constituents in the elderberry extract were eatechm 
and quercetm. Overall, the cranberry powder did not 
contain high amounts of any of the constituents 
studied. Ca tech in and epieateehin were the two most 
abundant constituents detected in cranberry powder. 
Wild blueberry extract was primarily dominated by 
the presence or feruiic acid. However, the f'erulic acid 
concentration was much lower in wild blueberry 
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extract compared to that in raspberry seed powder 
Among all the whole berry samples studied, 
epigaliocatechin gallate was most abundant in wild 
blueberry extract. The most abundant constituents or 
wild bilberry extract were scopoletin, rutin, querce- 
tin and feruiic acid. The respective compositions of 
each of the two berrv mixtures II (141 and IH 151 are 
shown in table [. 

To test the uptake of the individual constituents by 
human keratinocytes, HaCaT cells were treated with 
each of the two berry mixtures as indicated in the 
legend of Table II, Cells were then washed and 
processed for HPLC analysis. Comparing Tables 1 
and II it may be observed that the original 
composition profile of the berry mixture and the 
profile of constituents present in the cell do not 
match. The cells preferably took up catechin and 
epigalloeateehin gallate. We also attempted to study 
the cellular uptake profile of GSPE. At 25 pig/ml and 
beyond, GSPE proved to be toxic to cells (not shown) 
and the uptake study could not be performed. The 
berry samples, however, did not exhibit any toxicity 
(data not shown). 



Antioxidant Capacity as Detected by ORAC 

The peroxvi-radieal scavenging capacity of the berry 
samples and GSPE was studied using the ORAC 
assay commonly used to study antioxidant capacity 
of herbal extracts. 127 u! Cranberry, elderberry and 
raspberry seed samples were observed to possess 
comparable ORAC values. The antioxidant capacity 
of these samples was significantly lower than that of 
the other samples .studied. The ORAC values of 
strawberry powder and GSPE were higher than 
cranberry, elderberry or raspberry seed but signifi- 
cantly lower than the other samples studied. Wild 
bilberry and blueberry extracts possessed the 
highest ORAC values. These values were compar- 



able to the ORAC values of the two berry mixtures 
(Fig. 3). 



Anti-angiogenic Properties 

First, the effect of these berry samples on inducible 
VEGF expression by HaCaT cells was investigated. 
Figures 4 and 5 show that each of the berrv samples 
studied potently inhibited both H 2 G 2 as well as 
I N Fa induced VEGF expression by the human 
keratinocytes. Our next goal was to test whether 
other antioxidants shared this property of the berry 
extract. Antioxidants such as GSPE, with comparable 
ORAC (Fig. 3), or ^-tocopherol (Fig. r>) did not 
influence inducible VEGF expression suggesting that 
the observed effect of berry samples was not 
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FIGURE 3 Antioxidant activity of berrv dimples. ORAC assays 
for berry samples were carried out following mothod .is described 
m hxpenmentai Protocols. Final results 'ORAC v.ihic) 
calculated and expressed using I'rolox equivalents per gram 
vv eight basis. CSPR grape >eed pmanlhoevanidm extract. p 
0.03. v higher compared to cranberry, elderberry and •-nspberry 
-eed; lower com pa red to bilberry, blueberry or'mix I; \ higher 
than all other samples Mean t SI) or three experiments. 
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FIGURK J Berry samples inhibit oxidant- induced expression of VFGR HaCaT cells were seeded at density 0.45 x lOVvvcll '3ml \Cter 
24h, growth media was changed In serum-free RPM1 and berry samples (30 U-*r/mi) were added. After 12h, cells were challenged v'ith 
H»0 2 (1 m M). Alter 12 h of activation with H,0 ; , media was collected for EUSA, * { , p < f) .05. *. higher in response to H,('V, treatment' * 
lower compared to HaA, treats J cells. Mean - SO of three experiments. 

dependent on their antioxidant property. Of import- 
ance, pure flavonoids such as ierrulie acid, ca tech in 
and rutin shared the ability to suppress oxidant- 
inducible VECF expression {Fig. h). Thus, it was 
evident that the tlavonoid component of the berry 
samples may have been responsible for the observed 
effect on inducible VEGF expression and release. 
Next, we sought to test whether the berry samples 



influence the process of angiogenesis per se. Among 
the various in vivo and in vitro methods for the study 
of angiogenesis, the in vitro matrigel assay represents 
a highly reliable approach to test angiogenic or 
antiangiogenic properties of test species.- 1 The 
method is based on the differentiation of endothelial 
ceils to form capillary like structures on a basement 
membrane matrix, Matrigel, derived from EHS 
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FIGURE 5 Berry samples inhibit TN Fa -induced expression of 
VEGF. liaCa I cells were seeded at density 0.45 x W'YweU/3 ml. 
Alter 2th, growth media was changed to serum-five RPMf and 
berry samples nd .M.g/mi) were added. After 12b, cells were 
challenged with FNF»* 25ng/ml>. After 12 h of activation with 
TNTr*, media was collected tor Ft ISA. *\ p < 0.05. higher in 
response to I'NiFv treatment; *, lower compared fo INI-o treated 
cells Mean * S{) ,>f three experiments. 
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FIGURE 6 Fifed of' pure tlavonoid and tocopherol on oxidant- 
induced VEGF expression. HaCaT cells were needed at density 
0.45 x t0'7well/3mi. Alter 24 h, growth media was changed ro 
serum -free RPMI and either pure flavonoids i tern t lie acid. FA 
200 nM; catechm, Cat 100 nM: rutin, rut I ,.iM) at concentrations 
observed in berry samples (see Fig. 3) or tocopherol fltVM, as a 
reference antioxidant) were added. Alter 12 h, celts were 
challenged with H..O ? U50 M M). Vter 1 2 h of activation with 
fhO> media was collected for FI ISA. ;» 0.05. \ higher in 
response lii f I x >> treatment; *, lower compared to I h( >? 'treated 
tells. Mean ,r SI) or three experiments. 
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tumor. Matrigei is a matrix of a mouse basement 
membrane neoplasm. It represents a complex 
mixture of basement membrane proteins including 
laminin, type IV collagen, entactin/nirrogen and 
proteoheparan sulfate, and also contains growth 
tactors. Matrigei induces endothelial ceils to differ- 
entiate as evidenced by both the morphologic 
changes and by the reduction in proliferation and, 
therefore, offers a convenient and reliable model to 
study biochemical and molecular events associated 
with angiogenesis. We used human dermal micro- 
vascular endothelial cells for this assay that was 
performed using a kit where the conditions are 
optimized for maximal capillary-like structure 
formation. Under basal conditions as specified by 
the kit, we were able to obtain numerous long 
capillary-like structures (Fig. 7). Treatment of the 
human endothelial cells with either berry Mix 1 or 2 
impaired in vitro angiogenesis (Fig. 7). 



DISCUSSION 

Anti-angiogenic properties of edible plant products 
have been previously reported. |1,V,S| Flavonoids, sul- 
phated carbohydrates, or triterpenoids have been 
suspected to be the active a nti -angiogenic com- 
ponents of plant products. 1171 Ca tech ins and poly- 
phenols from plant extracts such as green tea show 
potent anticancer activity.* 4 ' Silymarin, a naturally 
occurring flavonoid antioxidant, exhibits anti-cancer 
effects against several epithelial cancers. 1 ,6 ' It has 
been proposed that flavonoids may contribute to the 
preventive effect of a plant-based diet on chronic 
diseases, including solid tumor. 1121 Although there is 
a general agreement that certain plant products may 
posses anti-angiogenic properties, the underlying 
mechanisms are not well characterized. A recent 
report has «hnwn that resveratrol, a phytoatexin 
found in grapes, berries, and peanuts, is one of the 
most promising agents for cancer prevention. It was 
observed that the antitumor activity of resveratrol 
occurs through p53-mediated apoptosis. Both ERFCs 



and p38 kinase mediated resveratrol-induced acti- 
vation ot p53 and apoptosis through phosphoryi- 
arion of p53 at serine 15. ,7J Another recent paper 
investigated the mechanisms underlying cancer 
ehemopreventive properties of berries, ft was 
observed that berry extracts inhibit cellular trans- 
formation.'** 1 The current work presents first evi- 
dence showing that berry extracts potently inhibit 
inducible VEGF expression. Some antioxidants have 
been observed to have anti-angiogenic effects/ 351 

However, our observation that GSPE possessing 
high antioxidant capacity failed to inhibit inducible 
VEGF expression suggests that the antioxidant 
property alone may not account tor the observed 
effect. This contention is consistent with the 
findings that numerous plant-product constituents 
serve as potent regulator of several signal 
transduction pathways. 14 ' 7 '" 371 Our results with 
pure monomelic flavonoids present first evidence 
that flavonoids may serve as potent inhibitors of 
inducible VEGF expression and that the flavonoid 
content of the berry extracts may have been 
responsible for the observed effect. According to 
manufactures disclosure, monomerie flavonoids 
account for less than 1% of GSPE and this may 
explain the observed inability of GSPE to inhibit 
inducible VEGF expression. In addition to their 
inhibitory effect on inducible VEGF expression, 
berry extract impaired angiogenesis in vitro 
suggesting that other key events in angiogenesis 
such as integrin function 1 *" may be sensitive to berry 
constituents. These observations provide a firm 
mechanism-based support to the contention that 
edible berries may provide a feasible diet-based 
approach to prevent the angiogencsis-related dis- 
orders such as cancer and inflammation. (V7 H ^ ! 
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